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O BACKGROUND ~ FIELD OF INVENTION 

I* 
mi 

i'[ This invention relates to collecting broadcast audience listenership data by 

2 identifying the source of a broadcast signal through rrieans of intercepting the audio 
p portion coincidentaily with a mobile telephone cad and comparing the intercepted audio 
with a plurality of possible direcUy received broadcast signals. 

BACKGROUND - DESCRIPTION OF PRIOR ART 

25 Broadcast ratings are traditionally estimated by submitting diaries to survey 

panelists with the request to record their radio or television (TV) listening habits. This 
method of statistical information gathering has limited accuracy because it relies on 
each sampled panelist's memory, diligence, and comrrHtment. It also cannot provide 
quick or even near>instanUineous audience survey r^ulte Chat could be used to gauge 

30 audience interest and alter program content accordingly. 
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There has been considerable recent interest in the development of automatic 
systems and methods for measuring radio broadcast audience llstenershlp. For 
example, U.S. Patent 4,718,106, to Weinblatt, describes a technique that employs a 
survey signal added to or injected Into the broadcast audio signal, which is picked up by 
5 a microphone in a portable signal detector, worn by an audience survey panelist. Any 
broadcast sound signals within listening range are picked up by the detector and tested 
to see If an injected survey signal is recognized. If one is detected, the appropriate 
information is time-stamped and stored In the detector memory, to be read out and 
reported a later time. A number of more recent disclosures, for instance U.S. Patent 
10 6.674,962, U.S. Patent 6,681,800, U.S. Patent 5,787,334, all to Fardeau. et al.. U.S. 

Patent 6,035.177, to Moses and Lu, and U.S. Patent 6,151,578, to Bourcet, et al., 
¥_ expand this concept by encoding and embedding the survey signal{s) in such a way that 
O *fiey are inaudible to the listener. As with Weinblatt. these call for decoding devices 
|j installed permanently, or carried by survey panelists, nearijy the actual sound signal, 
m and for subsequent, delayed readout of data stored in decoding device memory. For an 
g adequate survey, especially for measuring llstenership of snnaller radio stations, a large 
1,^ number of such devices must be deployed. A requirement for later readout precludes 
ril gathering timely llstenership information. In order to avoid such delays, an extensive 
g communications networic must be dedicated or expensive use of existing networks, 
2© such as those for cellular calling, must be employed. U.S. Patent 4 584 602 to 
Nakagama. describes such a TV survey system that uses injected maricer signals and 
(near-) real-time use of the fixed telephone infrastructure. 

U.S. Patent 4,955.070, to Welsh and Foudraine, describes an altemative 
25 approach free of an injected survey signal. This approach also employs a portable 
monitor using a microphone to pick up broadcast audio sounds (an alternative calls for 
the use of an electromagnetic sensor to pick up emanations from currents driving a 
transducer, such as an earphone). However, a tuner within the monitor independently 
selects broadcasts of interest and a built-in processor tests the tuner output against the 
30 sounds picked up by the microphone or electromagnetic sensor in order to determine if 
a nrratch occurs. Again, if a match is detected, the Information Is stored for later readout 
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(at nigiTt), using a base unit. Welsh and Foudraine describe the preferred match 
process as "autocorrelating" the signals, but an autoconreiation process is actually 
incapable mathematically of producing a match. The Welsh and Foudraine approach 
also suffers from the difRcuities of providing timely infomrration and of requiring a large 
5 number of complex and expensive monitors for an accurate survey, just as with the 
systems described above. 



U.S. Patent 5,594,934, to Lu and Cook, disclose an audience survey "conreiation 
meter" whereby in one en4)odiment pcHteible monitoring devices with microphones pick 
10 up broadcast sound signals and conrpare them sequentially vtnth "snippets" taken firom 
broadcast signals of interest. The snippets, or "reference side representations" derived 
H from them, are transmitted sequentially to the portable monitoring devices, where they 
are correlated with the broadcast sound signals. Matches found by the correlation 
process are stored for later recovery. This approadi also suffers from the difficulties of 
providing timely information and of requiring a large number of complex and expensive 
2 monitors for an accurate survey. An altemative embodiment described by Lu and Cook 
shifts the con-elation process fr(xm ttte porteble monitors to a fixed location within a 
rll structure where survey data are desired. Pick-ups such as microphones, 
g photodetectors, or induction coils are assodated wth nearby radio or TV receivers 
211 whose outputs are to be monitored. Simultaneously, a bank of individually tuned 
receivers comprising part of the fixed location correlation meter receives a plurality of 
can-iers that have been mixed with a conesponding plurality of picked-Hjp receiver 
ou^uts. Also simultaneously, the fixed congelation meter receives, via an antenna link, 
reference side representetions (snippete) from an external source, and perfonms a zero- 
25 crossing conreiation operation with a plurality of signals derived by stripping off the 
carriers. Any matches declared are dovmloaded to a remote point, perhaps via public 
telephone lines. This system relies on simultaneous and continuous transmission of 
numerous electromagnetic signals and is thus useable only for short-range, local 
installations. Both of the Lu and Cook embodiments require the broadcast of snippet 
30 infomration over a large area, with multiple correlation nteters, in order to provkJe a 
statistically accurate survey, which requires a powerful fransmitter of its own. 
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In U.S. Patent 5,410,724, to Worthy, discloses a remote vehicular radio audience 
survey system that depends on detection of the local oscillator (LO) signal. LO signals 
are inadvertently radiated as part of the standard receiving process and are unique to 
5 each broadcast station tuned in. These radiations may be detected by roadside 
installations (remote survey sites) as vehicles pass by. In U.S. Patent 5,749,043, also 
to Worthy, discloses a system primarily employing LO sensing at numerous remote 
survey sites, a central office, and sites to access data from the central office. 
Meanwhile, radio broadcasts are to be monitored in the central office, or elsewhere, to 
10 determine programming, by undisclosed means, possibly digitized and stored, or 
othenwise identified, so that they may be associated with LO survey results. Besides 
|.i being rather unwieldy, and apparently requiring human intervention, most of these steps 
pj are unnecessary, as the LO signals, to the extent that vehicular radios follow the de- 
facto industry standard design, uniquely identify the broadcast source in an 
|5 geographical area, because stations sharing the same frequencies are spaced far apart 
m in order to minimize interference. A large number of survey sites need to be installed in 
order to adequately cover a geographical area. In U.S Patent 5,819,155, to Worthy 
J:j and Dubrall, discloses a system to overcome limitations of LO sensing for the AM radio 
H band. In this system, survey signals are to be injected on top of specified broadcast 
g signals as vehicles pass by survey sites and, if a radio is tuned to a specified broadcast 
1^^ station, the resulting disturbance is sensed extemally to the vehicle, specifically by 
sensing the weak magnetic effect produced by loudspeakere. This may produce 
objectionable interference to listeners and requires the expensive and intrusive 
installation of a large magnetic loop in the roadway. 

25 

U.S. Patent 5,839.050, to Baehr and Chambers, describe a survey system 
wherein roadside survey sites attempt to sense the any inadvertent "intermediate 
frequency" (IF) emanations from vehicular radios. However, the signal described 
therein is actually an LO signal, and the process is similar to that described in U.S. 
30 Patent 5,410.724, to Worthy, and therefore shares the same limitations. Taie IF 
emanations are even weaker that LO emanations and are therefore harder to detect. In 



addition, a match process such as cross-correlation with broadcast signals of interest 
would have to be provided in order to identify the broadcast source. 



SUMMARY 

In accordance with the present invention inconning telephone calls that may 
contain an intercepted background audio signal are electronically processed and 
compared using statistical techniques with various simultaneous broadcasts of interest 
to detemine if a match occurs. This method provides a means for directly and rapidly 
measuring radio or TV broadcast llstenership. 

A customer, who may be in a vehicle, calls into the call center, and a short 
segment is digitally recorded and stored in an electronic database. The start time of this 
segment is also recorded and linked to the caller in the database. The caller has 
previously registered with the service, typically at a registration website, in order to gain 
access to an important service, such as special traffic reports. The registration process 
required the customer to provide valuable demographic information concerning 
his/herself, which is also recorded in the database and related to this specific call 
segment. Multiple call segments, from both multiple callers and possibly the same 
caller at different times, are stored in the database. In the prefen-ed Implementation, the 
incoming call would be pair-wise cross-con-elated for a substantial portion of Its duration 
with all of the broadcasts of interest Alternatively, aif or part of the Incoming call could 
be recorded digitally along with the broadcast segments for later processing. Since the 
radio In a vehicle Is typically audible to the driver and to each and every passenger, in 
most cases the mobile phone is likely to pick up a significant audio signal emanating 
from the radio speakers. Even a weak or virtually Inaudible pick up, such as would 
happen if the radio volume is turned down, but not completely off, may be usable after 
suitable signal processing. If a particular pair-wise cross-con-elation value exceeds a 
threshoW, which depends on the desired detection probabillty-of-detectlon and false- 
alami rates, as weft as the signal-to-noise ratios of the pair-wise compared signals, a 
match is declared. Then a database of such match reports is updated that would permit 



generation of relevant statistical reports. The database niay be accessed for such 
reports m real-time, or at intervals of interest to report subscribers. 

Objects and Advantages 

Accordingly, an object and advantage of this invention is to provide an 
economical means to acquire broadcast listenership data. 

Another objective and advantage of this invention is to increase the sample size 
in order to improve the accuracy of broadcast listenership estimates. 

Another objective and advantage of this invention is to reduce bias and errors in 
broadcast listenership statistical estimates by directly and unobtrusively measuring the 
listeners' habits. 

A further objective and advantage of this invention is to eliminate a need for a 
plurality of remote survey sites dependent on receiving weak Incidental emanations 
from vehicular broadcast receivers. 

Another objective and advantage of this invention Is to acquire broadcast 
listenership information for broadcasts that do not employ injected or embedded survey 
signals. 

Another objective and advantage of this invention is to obtain Instantaneous 
listenership data. 

Yet another objective and advantage of this invention is to afford changing 
broadcast content rapidly in response to listener interest. 

Further objects and advantages will become apparent from a consideration of the 
drawings and ensuing description. 



DRAWING FIGURES 



Fig. 1 is an overall perspective view illustrating the prindpai elements of our 
invention. 



Fig. 2 is a block diagram showing the principal elenr^nts of a processing center. 



Reference Numerals In Drawings 

10 broadcast signals 

14A antenna 

16 broadcast sounds 

20 mobile user 

24 land fines 

28 common antenna 

32 calls 

36 request processor 
40 input/output interface 
44 distribution network 
48 match processor 



12 broadcast transmittei^ 

14B vehicular receiver 

18 communications device 

22 cellular receiving sites 

26 processing center 

30 broadcast signals of interest 

34 call center 

38 database manager 

42 receiving antenna 

46 receiver bank 

50 statistical data 



DESCRIPTION - Preferred Embodiment 

Fig. 1 shows the main elements of the preferred embodiment of the present 
invention and their relationships. One of many possible broadcast signals 10 from 
numerous broadcast transmitters 12 is received by a vehicular radio con^sting of 
antenna 14A and vehicular receiver 14B tuned to a particular broadcast station. A 
representation of broadcast sounds 16 produced by the vehicular radio may be pidced 
up or intercepted by a portable communications device 18, such as a mobile or cellular 
telephone, that is in use. Tli^e sounds may contain encoded, injected, or embedded 
survey signals as well as ttie regular program material. The communications device is 
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in use by mobile user 20, who would typically be a vehicular passenger or driver. 
Some part of the electrical signals produced by the intercepted broadcast sounds 16 are 
then transmitted by the communications device 18 along with the normal conversation 
and other background sounds and noises. Signals from communications device 18 are 
5 received at one or more ceHular or similar receiving sites 22. Mobile user 20 using 
communications device 18 is connected to processing center 26 via receiving sites 22 
and land lines 24. Thus the Intercepted representative broadcast sounds are sent as 
electrical signals from portable communications device 18 along land lines 24 to the 
processing center 26. Alternatively, the Intercepted broadcast sounds may be 
transmitted to processing center 26 as radio signals or by a combination of links 
comprising established telephone Infrasfrudure elements. Simultaneously, all 
broadcast signals of interest 30 are received at processing center 26, either using a 
common antenna 28 or a multiplicity of such antennae. These antennae 28 need not be 
collocated with the processing center. Other means for collecting or receiving 
broadcast signals, such as cable, direct satellite, etc., may be employed. 

Fig. 2 is a block diagram showing the principal elemente of processing center 26. 
For clarity, processing center 26 Is depicted as a single entity at one location. However, 
the elements comprising processing center 26 may be dispersed geographically. In 
addition, the elements comprising center 26 may be combined or contained within the 
same physical units. Calls 32 from mobile users 20 are routed Into a call center 34. 
Call center 34 may be a plurality of computer processors that may not necessarily be 
co-located with each other. A plurality of geographically dispersed call centers 34 may 
alternatively be employed for each processing center 26. Some of the incoming calls 
contain intercepted broadcast sounds or other content of Interest or utility. Audio 
signals from incoming calls 32 are electronically digitized in the call center 34. Call 
center 34 also tags initial user requests with identifiers and a time stamp and 
communicates with request processor 36, which again may be a plurality of computer 
processors. Request processor 36 generates queries and responses for the mobile 
users 20 and communicates with a database manager 38, Database manager 38 
contains databases regarding the users and infomiation desired by or important to the 



users and is attached to an input/output interface 40. Request processor 36 also 
processes the incoming-call audio signals 32 digitized in the call center 34, which 
originate from many comnwjnicatlons devices 18. Some of these digitized incoming-call 
audio signals 32 may contain representations of the broadcast signals of interest 30. 
These received and digitized incoming-call audio signals 32 are communicated to a 
match processor 48. Alternatively, digitized incoming-call audio signals 32 can be 
communicated directly to match processor 48. 

Simultaneously, broadcast signals of interest 30 are received by the processir^ 
center using groupings comprising receiving antenna 42, distribution networtt 44, and 
receiver bank 46. Several groupings of antenna 42. netviwric 44, and receiver bank 46 
may be necessary to accommodate all signals of interest 30. For example, different 
embodlnnents will be necessary to accommodate AM and FM broadcasts. Additional 
groupings of antenna 42, network 44, and receiver bank 46 may be needed to cover a 
wider geographical area. The outputs of receiver bank 46 are digitized, processed, and 
fed to the match processor 48. Match processor 48 may employ electronic storage 
means in order to record or store both the digitized incoming-call audio signals and the 
plurality of digitized and processed outputs from receiver bank 46. The output of the 
match processor consists of statistical data 50. 

DESCRIPTION - Additional Embodiments 

In an alternative embodiment, antenna 42, network 44, receiver bank 46, and 
match processor 48 may be replaced by a decoder or plurality of decoders (not shown) 
that are capable of extracting embedded or injected survey signals. 

In another alternative embodiment, calls from mobile or cellular telephones from 
non-vehicular locations may be tested to determine if broadcast signals are present and 
to identify the origins of such signals. 
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Operation 



Referring to Fig. 1, mobile user 20 places a call to a call center 34, perhaps to 
obtain valuable infbmiation, such as personalized current traffic conditions, or for other 

6 reasons. This call may be routed through cellular receiving station 22 and land lines 24. 
If user 20 happens to be listening to a radio station at the same time, some part, or 
representation, of broadcast sounds 16 will be picked up by communications device 18. 
Even a weak or incomplete representation of broadcast sounds 16 will be transmitted by 
communications device 18. Weak or incomplete pickup of sounds 16 may occur if user 
10 20 is using a "hands-free" communications device 18, sound cancellation or sound- 
activated transmission are employed by device 18, the vehicular radio is turned down, 

, or other backgrounds noises are strong. Concurrently, a plurality of broadcast signals 

j of interest 30 are received at processing center 26. Broadcast signals of interest 30 

J may be ail those whose listenership statistics are desired. 

i 

I 

j Refemng to Fig. 2, calls 32 are answered by call center 34, which electronically 

digitizes the audio portions of the inconwng calls. If the call originated from a user 20 
: who simultaneously has his or her vehicular radio 14A and 14B on, a digitized incoming 
j audio call may contain a representation of one of the broadcast signals of interest. The 
digitized incoming audio calls are passed to match processor 48. At the same time, 
digitized outputs fi^om receiver bank 46 are also passed to match processor 48. 
Individual receivers comprising bank 46 are tuned individually to each of the broadcast 
signals of interest. In match processor 48, the representation of the intercepted 
broadcast sounds or other content of interest or utility digitized in the call center 34 are 
electronically compared to the digitized outputs of receiver bank 46 using various 
mathematical and statistical techniques apparent to those skilled in the art, such as 
cross-correlation and covariance analysts techniques. Cross-correlation is a particularly 
powerful and useful technique for identifying pairs of signals with common elements. To 
accommodate possible time shifts between the incoming audfo calls and the broadcast 
signals, cross-correlation is preferably accomplished over a range of time offeets, or 
lags. Co-spectral or coherence analysis, which is the frequency domain analogue of 
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cross-correlation, may be usefully employed as well. Statistical decision techniques, 
such as a maximum-likelyhood criteria, may be applied to decide If a match may be 
declared. If a match Is declared, the broadcast transmitter or source is Identified. 
Alternatively, the digitized incoming audio calls may be processed by themselves in 
5 order to extract or recover any embedded or injected survey signals. Preferably, this 
processing may be done essentially concurrently with reception of calls 32 ("near real 
time"). Alternatively, the digitized incoming calls 32 and receiver bank 46 outputs may 
be recorded for later processing. Post processing may be necessary in order to handle 
peak call-in periods, such as during comnfHrte times. An optimum combination of near- 

0 real-time and post processing is the preferred method. Alternatively, both the incoming 
calls 32 and receiver bank 46 outputs may be partially processed In near real time and 
the partially processed data stored for later completion. Partial processing may achieve 

1 a useful degree of data compression. 

Conclusions, Ramifications, and Scope 

Accordingly, the reader can see that we have provided a method of estimating 
the number of listeners and potential listeners exposed to particular or specific radio and 
I television broadcasts by comparing intercepted audio portions of the broadcasts with a 
set of possible broadcasts in order to identify the source of the broadcast. Alternatively, 
the intercepted audio may contain embedded or injected survey signals, which may also 
be decoded to identify the broadcast source. One application of this invention 
addresses measuring automobile and other vehicular radio listenership. In vehicular 
applications, providing a useftil service, such as providing customized, detailed, and up- 
to-the-moment traffic and congestion infomiation, could be used to induce drivers and 
passengers to frequently place calls into a call center. The audio is intercepted as 
background sounds picked up during telephone calls into a call center. An advantage 
provided by this method over previous methods is a significant and lowest expansion 
of the sample size, which enhances the accuracy of listenership statistics, such as the 
audience size. An additional advantage provided is the ability to collect and 
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disseminate listenership information and statistics in near real time. This provides a 
means for changing programming in response to audience interest. 

Although the description above contains many specificities, these should not be 
construed as limiting the scope of the Invention but as merely providing illustrations of 
some of the presently preferred embodiments of this invention. Various other 
embodiments and ramifications are possible within it's scope. For example, calls into a 
call center may contain intercepted audio signals that may be processed or compared to 
oliier signals for other purposes. 

Thus the scope of the invention should be detemiined by the appended claims 
and their legal equivalents, rather than by the examples given. 



